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Executive Summary

Invasive plant species are present within Frede@itk Watershedand are a concern for
ecosystem health. Research has shown that roads and trails often act as vectors for invasive
species. Within Frederidkity Watershedthereis a9.5-mile sanctioned (legal) trail araver 100
miles of unsanctioned (illegal) trail$¥e addressed three questions to better understand the
impact of roads and trails on invasive species prevalence within Fre@stycW/atershedFirst,
does invasive species prevalence differ near sanctioned versus unsanctioned trails? Second, does
invasive species prevalence decrease with increasing distance from trails? Last, does invasive
species prevalence increase closer to roads? To address these questions, we performed a survey of
invasive species along transects running perpendicular to both sadcind unsanctioned trails.

For each transecolve estimatea percent cover of invasive species witbimemetersquareplots

at zero, five, 10,15 and 20 meters on either side of the trail. In addition,used GIS to
determine transect distance from thearest road. Our results show that invasive speciesr
increases with decreasing distance from both trails and r@adssurvey resultslsoshow that
invasive speciesoverwas greater near unsanctioned trails. However, dtieetow sample size,

it is unclear whether trail type or distance from the nearest road is responsible for this trend.
Based on these resultsye recommendclosing trails farthest from roads to prevent the
establishment of invasives in more remote acddke Watershedwvhile focusing removal efforts

along roads and trails closest to roads.

Research Topic and Overarching Issue

Invasive species are widely recognized as one of the most significant threats to ecosystem
stability and environmental health (Mooney and Hob®302. Nearly 20 years ago, the Bureau of
Land Management estimated thatasive plants infest 100 million acresd every year an
additionalthreemillion acres are affected (BLM 1996). Globalization, rapid human population
growth andincreasedlevelopment have facilitated the introduction, establishment and spread of
invasive species around the planet (Hulme 2009). Approximately 5,00@atioe plants now
exi st in the United Statesd ecosystemmsenand tl}
estimated as $137 billion annually (Pimentel 2000). Invasive plants specifically are problematic
because they displace native species, degrade ecosystem processes and prodaotpwery
biodiversity and reduce wildlife habitat (Davies 2007, BLM @D1There are two primary
anthropogenic influences facilitating these invasions: the intentional and unintentional
introduction of foreign species into novel environments, and the degradation of ecosystems
making them more susceptible to naative specie invasion (Davis 2009). Although human
induced invasions have occurred for centuries, it has only been in the pastritatly that we
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have recognizitthe social, economic and ecological consequences of these introdudtoms
result, invasive managemitehas become an increasingly common practice (Davis 2009).

The term invasiveness refers to a speciesbo
2006) Although ecologists disagree abahe relative importance of each factor that influences
invasons, they agree that three characteristics are important in predicting and managing
invasions: (1) invasiveness, (2) invasibility and (3) propagule pressure (Colautti et al. 2006;
Erfmeier & Bruelheide 2010; Shea & Chesson 2002; van Kleunen et al. ZBd@ples of
characteristics that often increase invasiveness include rapid reproduction and development,
asexual reproduction, resource consumption efficiency and the ability to withstand a wide range
of physiological conditionslnvasibility refers to anecosy st emo s susceptibi
(Colautti et al. 2006). Ecosystenmpactedby human disturbance or are otherwise degraded
much more susceptible to the establishment and proliferation ehatore specie$¢Oswalt and
Oswalt 2007, Hoffman et a&008) Unsurprisingly, the interactions between characteristics of the
introduced speciesuch as growth rate and method of dispersahbined with characteristics of
the receiving ecosystermsuch as resource availability or a lack of natural enerhegege been
demonstrated as important in determining invasion success (Erfmeier & Bruelheide 2010). When
considering the potential for invasion, propagule pressure, which is the number of individuals
introduced or the number of introduction events, might asyube the most important factor to
consider (Colautti et al. 2006).

Anthropogenic activities have dramatically influenced biological invasions by either
altering the receiving ecosystem (thus increasing invasibility) or by increasing propagule
pressureNon-native species can disperse easilgng roads and trailSfrombulak and Frissell
(2000) described three main ways in which roads can assist in dispersal and establishment of
invasive species. First, roads cause habitat alteration and fragmentetioh can facilitate
invaders. For example, Greenberg et al. (1997) found that soil modification due to roads can
facilitate plant invasionsSecond, roadsan stress or remove native species and subsequently
make the area more susceptible to invaders. eflmefer to changes in the environment that

increase the ecosystemds invasibility.tThe th
andintroductind of invasives by both wilife and humasg thus increasing propagule pressure
in the area (Trambulaknad Fr i s s el 2000) . Ot her studiesdo fi

by demonstrating that roads provide habitat for invasive plant species and act as conduit for
introducing invasivespecies, facilitating their spread and establishment (BuckleyzQG3).

Local Context for Research Activities

Frederick Municipal Forest is a largg006acreforesttract, whichencompasses 26 miles
of perennial streamdt alsoincludes a significant portion of Frederick City Watershed that
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ultimately drainsnto Fishing Creek reservoir. In 2005, the City released the Forest Stewardship
Plan which highlighted its primary management objective to maintain the area as a source of
clean and reliable watenow and into the future. Secondary goals include protgdtrederick

City Watershedodés ecosystem from del eterious
protecting wildlife habitat and water quality for fish species; and providing recreational
opportunities for the public (Pannill 2005). The perensisams that wind through the landscape

are iIimportant habitat for eastern brook trout
also a popular recreational destination for hikers, mountain bikers and hunters. Forest managers
andTheCityof Freder i ck aim to bal ance between protect
water supplywhile allowing open access for recreational use.

Invasive plant species can have severe consequences for forest health, shdkeail
those throughout Frederidkity Watershed are known to not only serve as dispersal corridors
for these nomative organisms, but also am ideal habitat for their establishment and
proliferation (Mortensen 2009). The introduction of invasive plant species was identified by the
Ctyas fnone of t he mnmbeJtFreeerocg tMoumneati patp for
invasives compete with native vegetation for scarce resources and can alter nutrient cycling, soll
chemistry and interspecies symbioses (Pannill 2005). The Plamatiss that one particularly
problematic species, Japanese stiltgradcrpstegium vimineuin has spread throughout the
forest via hikers and mountain bikers on tradsd by vehicles on roadways. Other invasive
species of note within FredericRity Wateshedare MileaMinute (Polygonum perfoliatuin
Multiflora Rose Rosa multiflord, Japanese Barberrérberis thunberg)iand Treeof-Heaven
(Ailanthus altissima(Pannill 2005).

Frederick City Watershechas a 9.5mile sanctioned (legal) trail network amder 100
miles of unsanctioned (illegal) trails (Pannill 2005). The sanctioned trail is approved and
maintained by the Maryland Department of Natural Resour@NR) and t h e Pl anbs
recommendations incledlimiting recreational use to this trail along with the eradication of non
native, invasive plants along roadsides and permanent openings (Pannill, 2005). The abundance of
unsanctionedo r 0 r o g, iseafcontem dor thes City and local foresters biseathey are
unmaintained, largely unmonitored and could be drawingnative species into areas from
which they might otherwise be exclude@Qur initial qualitative assessment was that these
invasive species appeared more prominent along the sidesilef (bath sanctioned and
unsanctioned) and roads, and were more sparse or nonexistent in the interioCtoréshed
with a growing body of literature demonstrating that roads and recreational trails facilitate the
spread of invasive species in wilderaeseas (seResearch Topic and Overarching Isguee
hypothesized that the roads and trails within FredeCitk Watershedare promoting the spread
of invasive plantsThis infers that wavould observe higher percent cover of these species close
to tral edges. The goals of this study are to determine whether there are correlations between
percent cover of invasives, trail type (sanctioned or unsanctioned) and/or distance from trails; and
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to provide the City with management recommendations regarding nraintenance and
recreational use.
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Research Methods

We organized our field survey of invasive plants into a set of 18 transect clusters, or
locations within FredericlCity Watershed Each cluster was located at or near an intersection
between a sancti@d and unsanctioned trail. These transect clusters were visually selected using
the Frederick City Watershed Mountain Bike Trail Assessment map of trails (RguAée then
selected ten of these transect clusters using a random number generator. & toeuseld
studies undertaken on October 12 and October 25, 2014 on these ten transect clustauk] but
ultimately onlygather data for nine transect clusters.

Data Collection

At each transect cluster, walked 100 meters down the unsanctioned or sanctioned trail,
recorded the GPS coordinates at that site, then established perpendicular transects 20 meters wide
on ether side of the trail (Figur&). Using a one squairaeter PVC pipe quadrat, surveyin®isl
were placed every five meters along each transect on either side of thEhgdilst site was on
the edge of the trail (at 0 meters).
while the remaining sites were fiv
meters, ten meters, 15 meters a
20 meters from the trail. We
recorded the peent cover of
invasive speciesvithin these plots 1
(Figures 4 and )5 Our team used g (

ey

tr? i
Trail site (sanctioned
or unsanctioned), 100
meters from transect
cluster

plant guideprovided byDNR to
identify invasive species present :
these plots (all species in Append 20 m I
A). Once data was collected at th '

first trail type (sanctioned ro
unsanctioned), we returned to th

transect cluster (intersection) an_ewoe " IR
repeated with the other trail type. Figure 1. Transect design (not to scale).

Within the one squarmeter quadrat, we recorded the percent cof@mvasive plants by
speciesOnce an invasive species was identified, our teamally estimatedhe percent cover for
the species within the quadrale also obtained the coordinates for each transect site location
using a GPS (Figure 6).
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Figure 2. Each point represents a selected set of transect clusters (intersection of sanctioned and
unsanctioned traijsn Frederick City Watershed. The ten survey sites in yellow (primary) and blue

(secondary) were randomly selected as focus sites. [map sowapgail DNR]
| ‘Ql ) ¥ \“ Lol Aol TN

- X 5 S ; ~/ . ; -
Figure 4. Recording the percent cover of invasive species in one
square meter quadrats, spacefivat meterintervals from trail edges.
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square meter quadrats, spacefivat meterintervals from trail edges.
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Figure 6. Map of northern Frederick City Watershed with plotted GPS
coordinates for each unsanctioned and sanctioned trdosatibn from the
October 12 and October 25, 2014 field surveys. Green points indicate that
invasive species were observed along these transects, while orange points
indicate that some invasive species were observed along these transects.
Transects deried by red points were where the most invasive species were
observed.
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Data Analysis

To ascertain whether percent cover of invasives is higher closer to the trail edge and
whether trail type influences the spread of invasive plants, we graphed mean percent cover of
invasive species at each distance from the trail for both unsanctionechatidread trails. A
statistical analysis was not performed due to the low number of observations of invasive species.

As discussed ifResearch Topic and Overarching Issogads have been shown to act as
vectors for invasive plant speciegherefore, we decided to determine the distance between the
focal points of our survey to the nearest paved road, to investigate whether the location with
respect to paved roads could &e important factorin determining the presence of invasive
speciesWe used thenear function in ArcGIS 10 to calculate the distance in meters from each
transect site to the nearest ro®ldith the near functionwe were able to calculatke distance
from eachfocal pointto the nearegtaved roadsAgain, no statisticahnalysis was performed due
to a small sample size.

Results

Mean percent cover of invasive species was greater for all plots in unsanctioned trails than
for all plots in sanctioned trails (Figui®. On unsanctioned trails, the mean percent cover of
invasives was highest in the plot closest to the trail (at 0 metads)lecreased butemained
relatively constantin the 5, 10, 15 an@0 metersplots On sanctioned trails, the mean percent
cover of invasives was also highest in the plot at 0 meters but decreas@aually with
increased distance from the trail.

= Unsanctioned

O Sancticned
20

15 -

L W 5

o 5 10 15 20
Plot Distance from Trail (meters)

Mean Percent Cover of Invasives

Figure 7: Mean percent cover of invasive species for each plot as a function of distance
sanctioned or unsanctioned trail edges (n =18 for each mean). Bars depict standard err
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We found four invasive species i
transects from unsanctioned trails and ty
invasive species in traaests from sanctioned:o%
trails (Appendix A). Invasives found irg
unsanctioned trail transects were Japan
stiltgrass Klicrostegium vimineum[Figure
8]), Japanese barberrdrberis thunbergjj §
bush honeysuckleLénicera maack)i and g

Japanese stiltgrasMicrostegium vimineuin
and Japanese barbermgetberis thunberg)i

i i i igure. Invasive speis Jpa
were found in sanctioned trail transects. (Microstegium vimineujn(bottom left corner) observed
along a trail edae in the Frederick City Watershed.

Based on our GIS analysis, transects containing invasive species were closest to a road on
both sawmtioned and unsanctioned tra{lsigure 9) Transects on sanctioned trails ranged from
approximately 35 to 857 meters from the nearest road, and invasives were only found in the
transect 35 meters from a roadis worth noting that, of the nine sanctionail transects, only
one was found to be impacted by invasitea posi tive sign for t he
Transects on unsanctioned trails ranged from approximately 41 to 726 meters from the nearest
road and invasives were found in the three transects closest to roads at 41, 84 and 99 meters from
a road.Forunsanctioned transectie mean percent cover olvasives decreased with increasing
distance from roadst41 meters from a road, mean invasive cover was 57.5 percent, at 84 meters
from a road, mean invasive cover was 5 percent and at 99 meters from a road, mean invasive
cover was 3.5 percent.

30 O sanctioned

& Un=nctioned

Iean Percent Cowver

0 O—O L Leies L o 00

0 200 400 &0 800 1000

Distance from Mearest Road (meters)

Figure 9: Each point represents mean percent cover of invasive species at ea
site as a function of distance from the nearest road.
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Final Considerations

Though it is encouraging that only four of the eighteen sites surveyed showed any
presence of imasive species, this studyad some limitationsWith the increasingly coldall
weathermanyplants had begun to die by our second field visit on October 25, 2014. Most of the
area we surveyed was covered with leaf litterit $® possiblethatthe percat cover assessments
are underestimates and that our tehdhnot encounter certain species due to the late survey start
date. However, this suggests tliae observations of occurrences and estimates of cover are
conservativemeaningthat the prevalence of nerative plants throughout the trail network may
be higher than our data suggesf.o reach more robust conclusions regarding the relative
importance of sanctioned and unsanctioned trails in the spread of invasives into theriorest
surveyingshouldbe conducted earlier in the year.

Anotherchallenge was the time constraint of this projétie windowfor data collection
was limited, due to the short semester and the sahsbangesas a resultpur survey was
limited and ouw data preliminaryln addition because of our constrained site visit opportunities,
the survey locations werall within reasonable walking distance from a trailhesml locations in
the deepest areas of the forest westsurveyed

Finally, identifying some ofthe plant speciegan bedifficult (especially given the
season) some seedlings of different species look similar and do not have the distinguishing
characteristicoof mature plantsHowever, DNRprovided an invasive plant guide before the
suney began along with a site visit to familiarize ourselves with the species we would be
encountering regularlyn addition some of our group members hayw&anical survegxperience
(including in Maryland)which was helpful irplant identification

Management Recommendations

Our results suggest roads are the most important factor in the spread of invasive plant
species inthe Frederick City Watershed. ABiteswithin 100 metersof a major roadwith the
exception of onehad invasive species present, and the mean cover of invasives generally
decreased with increasing distance from the nearest road. Although we found invasive species on
three unsanctioned trail sites and only one sanctioned trail site, we are reluaiasiytany
conclusions about differences between trail types because of the small sample sizes and because
in our surveythere were more unsanctioned trail sites within 100 meters of a road. Our data also
indicate that where invasive species have beerblestad along trails edges, they have spread
fairly far into the forest (at least 20 meters), though at low densitiesecommend closure of
trails farthest from roads to prevent establishment by invasive species in more remote areas, and
focusing manageent efforts on removing invasives along roads, and along trails closest to roads.
The most abundant invasive species by far was the Japanese stiltgrass; we include several
eradication methods for this and other local invasive species in Appendix A.

Invasive Species Survey, Frederick City Watershed, PALS/UMD 14



Although we could notconduct a statistical analysis, open, disturbed areas also seem to be
a crucial determinant in the presence of invasive species. For example, during our second survey
on October 25, 2014, the only site in which we observed invasive speasea clearing with
evident disturbance (trash was present) adjacent to what appeared to be a younger forest (the
canopy was less dense, and young trees were growing closer togetigaredio other sites;
Figure10). If this is the case, we recommend eoumicating with landowners whose properties
are adjacent to the forest with actions they can take to mitigate the spread of invasive species.

Figure 10.A clearing adjacent to younger forest. Japanese stiltgrass is apparent in the center of the clearing
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